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2 THE OPTIC NERVE

we consider the embryological relationships of the optic sulecus and
optic canal, and pay attention to the varieties of form which individual
parts of the sphenoid, such as the prasphenoid, orbito-sphenoid, and
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basi-sphenoid, show both in feetal and post-natal periods, then such
variations become intelligible. And when we more carefully con-
sider the development of the sphenoidal sinuses, the appearance of
the muscles attached to the sphenoid, and the development of the
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othmoidal cells and frontal sinus, as well as the appearance of the
ossification centres, which already in feetal and postmatal periods
produce variations in shape and relationship, then we can L-x!al:lin
the large number of varieties, and the striking peculiarities whu:l*f I
have found, and which I will discuss later. At present I do not wish

P .

10 10
F16. 2,—NATURAL SIZE.
1. Roof of orbit. 6. Internal carotid artery.
2. Middle cranial fossa. 7. Third nerve—oculo-motor.
3. Optic tract. 3. Fourth nerve—trochlearis,
4. Optic chiasma. 9. Fifth nerve—trigeminus.
5. Optic nerve, 12. Sixth nerve—abducens.

to enter upon a close analysis of the morphological relationships. It
will be sufficient to define the topographical relationships of the optic
nerves, optic canal, and optic sulcus, to the posterior ethmoidal cells
and the sphenoidal sinuses.
The thirty-eight different varieties which I have found will fall
—2



4 THE OPTIC NERVE

into twelve main groups. These 1 will describe individually, with
the aid of photographs of the specimens, which are reproduced in
natural size. In order, later, to have a clearer view of the varying
relationships of the optic nerves, optic sulcus, optic foramina, and optic
canals, to the posterior ethmoidal cells and sphenoidal sinuses, I will
proceed first to illustrate the position of these in the base of the skull.

Figure 1 illustrates on a bone preparation the region of the optic
foramina and optic sulci. The small wing of the sphenoid or ala

Fic. 3.—NATURAL SIZE.

1. Optic nerve. 6. Maxillary antrom.

2. Sphenoidal sinus. 7. Frontal lobe,

3. Internal carotid artery. 8. Dura mater.

4. Fromtal sinus. 9. Nasal cavity. : 7
5. Orbital recess of frontal sinus. x % % X X ¥ x x, Ethmoidal cells.

parva bridges the sphenoidal fissure on each side, and medial t.“
this is the optic foramen, which prolongs itself into a short optic
canal. The roofs of the optic foramina together form a low ridge.,
which is called the “limbus sphenoidalis,” and forms the boundary
of the jugum sphenoidale. The optic sulcus lies between these and
the sella turcica. :

Figure 2z illustrates the optic nerve as it enters the optic foramen
of its side, and also the chiasma and optic tract. The flattened bands
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which form the optic tracts unite and cross in the chiasma, which
P 5 -

lies in the sulcus, between the sphenoidal limbus and the tuberculum

<ellze. From the chiasma pass the optic nerves, to extend into the

10 13

|
(=
1)

] 14 o]
F16. 4.—MNATURAL SIZE.

1. Optic chiasma. g. Left maxillary antrum.
2, Left optic nerve. 10. Periosteum of orbit.
3. Right optic nerve. 11. Right frontal sinus.
4. Imternal carotid artery. 2. Left frontal sinus,
5. Midedle cranial fossa. 13. Nasal cavity,
G. Anterior cranial fossa. 14. Olfactory fissure,
7. Right sphenocidal sinus, 15. Spheno-ethmoidal recess—left.
8. Left sphenocidal sinus. 16. Eyeball.

% x ¥ % x, Ethmoidal cells.

optic foramina, above the ophthalmic arteries. The illustration further
shows the internal carotid in its course to the brain, as well as the
trunks of the oculo-motor, trochlear, trigeminal, and abducens nerves.















10) T'HE OPTIC NERVE

-

On the left side the ethmoidal cells have not only coalesced into
one cavity, but this cavity is also continuous with the left frontal
sinus.” In this manner is formed a cavity 6z millimetres in length.
The frontal sinus itself is 45 millimetres broad and 65 millimetres in
height. Its anterior wall is 7 millimetres in thickness.

12 14 15

FiG. 7.—NATURAL SIZE.

1. Hight optic nerve, 8. Middle turbinal.
2, Left optic nerve, - g. Inferior turbinal,
3. Posterior ethmoidal cell—right. 10, Superior meatus.
4. Posterior ethmaoidal cell—left. 11. Middle meatns.

5. Ostium of sphenoid. 12, Inferior meatns,
. Ethmoidal cell. 13. Maxillary antrum.
7. Superior turbinal, 14. Hard palate.

I5. Septum.

On the right side the ethmoidal cells coalesce to form a cavity
45 millimetres long. It is separated from the right frontal sinus. It
contains two recesses. The greatest breadth of the right and left
ethmoidal cavities i1s 25 millimetres,

The right frontal sinus is 23 millimetres long, 40 millimetres broad,
and 40 millimetres in height. This cavity has a recess. Its anterior
wall 15 14 millimetres thick.
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On the right side a sphenoidal sinus is in evidence.

Distant 23 millimetres from the anterior wall of the frontal Hi]lll'é‘i.
on each side, is the opening of the anterior ethmoidal foramen. This
is continued downwards in the lateral wall of the frontal sinus as a
groove 16 millimetres in length, called by me the ‘rHL‘Illi(TEIJIEtliH ttth.p
moidalis.”’ On each side, above the anterior part of the hiatus semi-
lunaris, the frontal sinus opens with an aperture g millimetres long

and 4 millimetres broad.

[ 1=

Fic. 8.—NATURAL SIZE.

. Left ethmoidal cavity. Left frontal sinns,

I 5.
z. Right ethmoidal cavity. 6. Right frontal sinus,

3. Lett internmal carotid. 7. Left olfactory fissure.
4. Right internal carotid. 8. Right olfactory fissure.

' Into the posterior end of the hiatus semilunaris the maxillary
;an-tr11:n opens. DBoth the unciform process and the ethmoidal bulla
are well defined.

The superior turbinate is formed by a ridge passing from above
the middle turbinate bone, and in the groove between these the
ethmoidal cells open. This ostium is placed symmetrically on the
two sides in the superior meatus.
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Group 3.

In this group the most posterior ethmoidal cell is in relation
to the optic nerve. There are seven varieties to be distinguished.
In all of these the cell is in relation to the nerve of the same side, but
in two it is in relation also with the optic nerve of the opposite side.

Fic. g.—NaTURAL SIZE.

1. Posterior ethmoidal cell. 3. Imternal cnm._tinl artery.
2. Optic nerve, 4. Sphenoidal sinus.
5. Septum.

5. The inner, lower, and outer walls of the right optic canal, and
the right third of the optic sulcus, are formed by the wall of the pos-
terior ethmoidal cell of that side. E

Figure 17 (Atlas) shows this arrangement, in sagittal section.
The large sphenoidal sinus is here in no relation to the optic sulcus,
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metres broad from the middle line, and 13 millimetres high. The
relation of the optic canal and sulcus 1s as above. The sphenoidal
sinus, though large, is not associated with the optic canal or optic
sulcus. Its measurements are 25 millimetres long, 15 millimetres
high, and from the middle line 15 millimetres broad.

7. The inner and lower walls of the optic canal are formed by the
wall of the most posterior ethmoidal cell of the same side.

Figure 13 (Atlas) demonstrates, in sagittal section, a posterior
ethmoidal cell on the left side, which for 6 millimetres stretches back

3
|'

Fic, 11.—NATURAL SIZE.

1. Optic canal. 4. Imternal carotid artery.
2. Optic nerve. 5. Sphenoidal sinus.
3. Posterior ethmoidal cell. &, Frontal sinus.

7. Ethmoidal cells,

underneath the optic canal. The length of this cell is 34 millimetres,
and its height is 16 millimetres. The relations of the optic nerve
are shown. The accessory sinuses and the nasal cavity have in this
specimen been exposed to view from without.

8. The upper, inner, and lower walls of the optic canal are formed
by the most posterior ethmoidal cell.

Figures g and 10 demonstrate this relationship. In Figure g, in
sagittal section, it is seen that the optic canal is surrounded on the
inner side from roof to floor by the posterior ethmoidal cell. In
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0. The inner wall of the optic canal lies against the posterior
ethmaoidal cell of that side.

Figure 12 illustrates this relationship in sagittal section, on the
left side. The nerve is shown at its entry into the optic canal. The
canal runs in the outer wall of the cell for a distance of 6 millimetres,
and to demonstrate this the wall of the canal has been opened up.

11. The floor of the optic canal is formed on the one side by the
roof of the posterior ethmoidal cell,

Fic. 13.—NATURAL SIZE.

Optic nerve. . Superior turhinal.

I. 5

2. Internal carotid artery. 6. Middle turbinal.
3. Posterior ethmoidal cell. 7. Inferior turbinal.
4. Sphenoidal sinus, 8. Frontal sinus.

Figures 13 and 14 illustrate this. Figure 13 illustrates, in sagittal
section, the course of the left optic nerve for a distance of 7 milli-
metres, as it passes above the posterior ethmoidal cell. Its bony
covering has been removed.

12. On both sides the inner and lower walls of the optic canals,
as well as the whole optic sulcus, are formed by the walls of the
posterior ethmoidal cells.

In Figure 14 (Atlas) this relationship is shown, and also in a corre-
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sponding sagittal section. Figure 15 illustrates this. The posterior
ethmoidal cell in this specimen measures 22 millimetres in length,
38 millimetres in breadth, and 17 millimetres in height, on the right
side. This cavity has expanded itself so as to extend over the sphe-
noidal sinuses, and lies thus in relation to both optic nerves and to

10

Fig. 14.—NATURAL SIZE,

. Optic nerve. G, Superior turbinal.
2, Posterior ethmoidal cell, 7. Middle turbinal.

3. Anterior cranial fossa, 8. Inferior turbinal.

4. Ethmoidal cell. 9. Maxillary antrum.
5. Sphenoidal sinus, 10. Alveolar cyst.

the chiasma. The floor of the optic canals and the whole optic sulcus
in this manner are formed by a thin plate of bone, which separates it
from the sinus.

13. The inner wall of the right optic canal is formed by the left
posterior ethmoidal cell.

3]
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Figure 53 (Atlas) illustrates this in sagittal section. The sphe-
noidal sinuses are so asymmetrically placed that the left sphenoidal
sinus lies in front of the right. The right sinus is 18 millimetres long,
! [
i

"
]

o

Fre, 15.—NATURAL SIZE,

1. Left optic nerve. 7. Ostium of maxillary antrum.
2. Posterior ethmoidal cell, 8. Superior meatus.

3. Left sphenoidal sinus. 9. Middle meatus.

4. Left frontal sinus. 10, Inferior turbinal.

5. Superior turbinal. 11. Inferior meatus.

6. Middle turbinal. 12, Palate,

15 millimetres broad, and 16 millimetres high ; the left is 15 milli-
metres long, 16 millimetres broad, and 17 millimetres high. The left
posterior ethmoidal cell is 16 millimetres long and 15 millimetres
broad.


















24 THE OPTIC NERVE

15. On both sides the inner walls of the optic canal and the wall
of the corresponding third of the optic suleus are formed by the
sphenoidal sinuses.

Figure 75 (Atlas) illustrates in frontal section the sphenoidal sinuses,
with the optic nerves above them, as they enter the optic canals,

2 ] 4

b

10 9 8 i
FiG. 18.—NATURAL SIZE.
. Anterior ethmoidal cell. 6. Left sphenoidal sinus.
2, Posterior ethmoidal cell. 7. Septum,
3. Superior turbinal. 8. Middle turbinal,
4. Posterior ethmoidal cell—left, 9. Palate. .
5. Might sphenoidal sinus. 10. Imferior turbinal.

Figure 17 illuscrates the same relationship. The sphenoidal
sinuses in this are 17 millimetres broad, 28 millimetres long, and
22 millimetres high on the right, and on the left 17 millimetres broad,
25 millimetres long, and 22 millimetres high.

Figure 18 shows the accessory sinuses and nasal passages in sagittal
section. The sphenoidal sinuses are asymmetrical, the lelt sinus (6)
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lying in front of the right (5). The right sinus is 18 millimetres long,
r5 millimetres broad, and 16 millimetres high; the left sinus is
15 millimetres long, 16 millimetres broad, and 17 millimetres high.
Immediately above the right sphenoidal sinus is the most posterior
ethmoidal cell ; it is 16 millimetres long, 15 millimetres broad, and
15 millimetres high.

Figure 19 shows in frontal section the optic nerves in this relation
to the lateral walls of the sphenoidal sinuses.

16. On each side the inferior wall of the optic canal and the wall
of the optic sulcus are formed by the sphenoidal sinus. Figure 19

Fic. 19.—NATURAL SIZE,

1. Right optic nerve, 4. Left sphenoidal sinus. 7. Inferior turbinal.
2, Left optic nerve. 5. Middle turbinal. 8. Inferior meatus.
3. Right sphenoidal sinus. 6. Middle meatus. g. Septum.

tllustrates this relationship. The left sphenoidal sinus shows, how-
ever, a greater expansion, and forms the floor of the optic canal as
well as both the middle and left third of the optic sulcus.

17. The wall of the optic sulcus on both sides is formed by the
sphenoidal sinuses.

18. On the right side the inner wall of the optic canal and the optic
sulcus are formed by the sphenoidal sinus on that side, and on the
left side the inferior wall of the optic canal is formed by the left
sphenoidal sinus.

Figure 20 shows in a vertical transverse section the close relation of
the optic nerves to the sphenoidal sinuses on both sides.
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FIG. 20.—NATURAL SIZE.

I. Lelt optic nerve. 7. Right temporal lobe.

2. Right optic nerve. 2. Left frontal lobe.

3. Left sphenoidal sinus. 0. Right frontal lobe.

4. Ripght sphenoidal sinus. 10. Dura mater.

5. Septum, 11. Falx cerebri.

6. Left temporal lobe. 12, Superior longitudinal sinus,
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Group 5.

The optic nerves in this class show seven varieties of relationship
to the sphenoidal sinuses, four of which are to the sinus of the same
side, two to that of the opposite side, and in one the sinus lies in the
middle line.

19. The lower wall of the optic canal on the left side is formed
by the wall of the left sphenoidal sinus, and alse the whole optic
sulcus is formed by the left sphenoidal sinus.

FiG. 2I.—NATURAL SIZE.

1. Optic merve. . Fontanelles of the antrum, where
2. Sphenoidal sinus. the hony wall 15 defective.

3. Posterior ethmoidal cell. 7. Ostinm of maxillary antrum,

4. Middle turbinal. 8. Ethmeidal bulla, =

5. Unciform process. 4. Frontal sinus.

10. Inferior turbinal,

20. The left sphenoidal sinus forms the floor of the left optic
canal and the wall of the left third of the optic sulcus. A similar
relationship may occur on the right side.

21. The sphenoidal sinus on the right side forms the inferior wall
of the right optic canal. Figure 21 illustrates a formalin-hardened
specimen, in which the bone walls of the right orbital cavity have
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been removed, and also those of the ethmoidal cells, that are in
relation to the optic nerve. This relation of the optic nerve to the
sphenoidal sinuses and ethmoidal cells is here well illustrated.

Figure 4, also a formalin-hardened specimen, shows the intimate
relation between the left optic nerve and the left sphenoidal sinus.

Fic. 22 —NATURAL SIZE.

g,
&,
7
it

Left internal carotid artery.

Left optic nerve.
. Orbit.

Right optic nerve.

Right sphenoidal sinus. . Supra-orbital nerve.

Right internal carotid artery. . Left frontal sinus.
g. Right frontal sinus.

G et

This sinus is here 12 millimetres long, and is separated from the floor
of the optic canal only by a very thin plate of bone, Both the chiasma
and the right optic nerve are separated from the sinus by thick,
spongy bone.

22. The right sphenoidal sinus forms the medial wall of the right
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optic canal. This is shown in Figure 21, In sagittal section. The thin
septum between the optic canal and the sphenoidal sinus has been
removed, and the course of the optic nerve, 5 millimetres long, can be
seen on the side-wall of the sinus.

23. The medial wall and floor of both optic canals and the whole
wall of the optic sulcus are formed by the right sphenoidal sinus.

Figures 22 and 23 demonstrate this.

FiG, 23.—NATURAL SIZE.

1 and 2. Sphenpidal sinnzes. 3, 3. Posterior ethmoidal cell.

Figure 22, a formalin-hardened specimen, shows from above the
intimate relations of the right sphencidal sinus to both optic
nerves, while Figure 23 shows the exceptionally marked asymmetry
between the two sphenoidal sinuses, the left one being of small size,
and pushed quite laterally.

24. The right sphenoidal sinus, as is seen in Figure 24, is in intimate
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Fig. z4.—NATURAL SIZE.

Left optic nerve, 5. Middle cranial fossa,

Right sphenoidal sinus. 6. Sphenoidal ostium.

Right optic nerve. ey 7. Inferior turbinal—posterior end.
Left sphenoidal sinus. 8. septum-—posterior edge.

o Al B e

Fiz. 25.—MATURAL SIZE,

Optic nerve. 5. Middle turbinal.
Ethmoidal cell. 6. Inferior turbinal.
Left sphenoidal sinus. 7. Septum,

Superior turbinal. 8. Maxillary antrum.
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Genn of corpus callosum.
Caudate nuclens.
Lateral ventricle,
Fornix.

Choroid plexus,
Splenium of corpus callosum.
Faleiform process,
Clecipital lobe,

Straight sinus.
Cerebellum,

Optic thalamus.

Fons,
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FiG. 29.—NATURAL SIZE,
. Left mimlhrLur]-'Ltml—]mr:i{-l'im"_und.

1. Left optic nerve.

2. Raght uEJtiu_' nerve, 1o, Left tl.:rulmr.;:] lolae,

3. Left sphenocidal sinus. 11. Right tempaoral lobe.
4. Right sphenoidal sinus. 1z. Left lateral ventricle.
5. Hight posterior ethmoidal cell, 13. Right lateral ventricle.
. Septum. 14. Left frontal lobe.

7. Right inferior turbinal posterior end. 15. Right frontal lobe.

8. Leit inferior turbinal—posterior end. 1fh. Dura mater.

I7. Falciform process.
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Fic. 30.—NATURAL SIZE.

1. Optic nerve. g. Bone-cell of the middle turbinal.
2. Sphenocidal sinus. 10, Middle meatus.

3. Internal carotid artery. 11. Inferior turbinal.

4. Posterior ethmoidal cell. 1z, Inferior meatus.

5. Anterior ethmoidal cell, I3. Septum.

. Erontal sinus. 14. Palate.

7. Naso-frontal duct. 15. Frontal lobe.

8. Middle turbinal, 16. Dura mater.

17. Arachnoid,
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relation to the left optic nerve, and is separated from it by a very
thin plate of bone,

25. The left sphenoidal sinus forms the middle third of the optic
sulcus. In Figure 25, represented in frontal section, this can be seen.
Here the left sphenoidal sinus lies in the middle line, above the
nasal septum.

The sagittal section represented in Figure 26 shows in a very
instructive way the intracranial course of the optic nerve from the optic
thalamus to the optic foramen. It also shows the entrance of the optic
nerve into the optic canal, which runs for a distance of 1o millimetres
free in the sphenoidal sinus.

Figures 27 and 28 show in horizontal section the optic canal,
ro millimetres long, running free in the sphenoidal sinus.

Figure 29 represents a vertical transverse section illustrating the
close relation of the right optic nerve to the right sphencidal sinus,
and also that of the left optic nerve to the most posterior ethmoidal
cell. This most posterior cell on the left side is situated above the
sphenoidal sinus.

Figure 30 shows a sagittal section illustrating the close relation of
the optic nerves and the internal carotid artery to the sphenoidal sinus.
The sphenoidal sinus forms the thin lower wall of the optic canal.

Group 6.

The most posterior ethmoidal cell and the sphenoidal sinus are in
intimate relation with the optic nerve of the same side. There are
two varieties. :

26. The left posterior ethmoidal cell forms the medial wall, and the
left sphenoidal sinus the inferior wall, of the left optic canal. Figure 5,
a formalin-hardened specimen, illustrates this.

The nasal cavities are opened from without. The most posterior
ethmoidal cell, marked with a X, and the sphenoidal sinus in rela-
tion to the optic nerve are seen.

27. The left most posterior ethmoidal cell forms the medial wall of
the left optic canal, and the left sphenoidal sinus forms the floor of tl'{e
right optic canal and the wall of the right and middle third of the optic
sulcus. Figure 31, a formalin-hardened specimen, illustrates this.
In it the inner wall of the orbital cavity has been removed, and
the mucous membrane of the accessory sinuses is shown in saccular

form.
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The most posterior ethmoidal cell on the left side, marked with
a X, in relation to the left optic nerve, and the left sphenoidal

13 i

lI-.
[

P

FiG. 31.—NATURAL SIZE.

1. Left optic nerve. 8. Lachrymal sac.

2. Right optic nerve, g. Frontal sinus.

3. Internal carotid artery. 10. Falciform process.

4. Middle cranial fossa, 11. Maxillary sinus.

5. Anterior cranial fossa, x x x x % x, Ethmoidal cells—anterior
0. Sphenoidal sinus—left. and posterior.

7. Eyeball.

sinus in its relation to the right optic nerve, are shown. The same
relationship, in the absence of the left sphenoidal sinus, may occur
on the right side.
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1. Frontal sinus.

2, Anterior ethmoiclal cells.
3, Posterior ethmoidal cells,
3e. Middle turbinal.

4. Sphencidal sinus.

Right optic nerve.
Internal carotid artery.

D0™1 Shin &k

Anterior ethmaowdal nerve.
Posterior ethmoidal nerve.

9

ICh,
I1.
12.
I3
14.
15.
16,
17. Crus cerebjy

Fi1c. 35.

. Left nptiﬂ !
Sixth ner
Pons,

Fourth neg.
Cerebral pj. -
Cerebellur
Straight 5
Occipital ]




foducens.

ditrochlearis.
§:cle.

tt corpora quadrigemina.

18.
14,

22,

23.

24.

ag.

20,

Corpora quadrigemina.
Fornix.

. Parietal lobe.

Lateral ventricle.
Optic thalamus.
Internal capsule.
Lenticular nucleus.
Frontal lobe.
TDrura mater.
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Fic. go.—1

Maxillary antrum.
Sphenoidal sinus.
Pars maxillaris antri.
Internal carotid artery.
Superior turbinal.




_!rt_-n, SIZE.

., Middle turbinal.

 Cell in middle turbinal.
Naso-lachrymal duct.
Inner wall of maxillary antrum.
Septum.
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in frontal section, and in Figure 48 its presence on both sides is shown,
the section being horizontal.

The frontal sinus may have a septum common to it and te the
sphenoidal sinus and the posterior ethmoidal cells. The septum
that intervenes between the two frontal sinuses may lie sagittally,
or, where there is asymmetry, may assume an oblique position.

Fi1G. 41.—NATURAL SIZE,

1. Maxillary antrum, 7. Cyst.

2, Posterior ethmoidal cell. 5. 5|'1p|_-r'|[]r meatus.
3. Leit sphenoidal sinus. g. Middle meatus.
4. Supenor turbinal, 10, Inferior meatus,
5. Middle turbinal. 11, Septom.

. Inferior turbinal. 12, Palate.

In Figure 103 (Atlas) a sagittal septum medially placed is shown.
In Figure 43 an asymmetry of the frontal sinuses 1s shown in
sagittal section. In this the left sinus covers the right over a breadth
of 15 millimetres, and upwards it extends yet farther for 30 milli-
metres. In addition there is a horizontal septum common to
these two sinuses besides the wvertical one. There may be only one
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Lr 2
[

FiG. 42.—NATURAL SIZE.

1. Opening of sphenoidal sinus. 7. Middle turbinal.
z. Posterior ethmoidal cell, 8. Middle meatus.

3. Septum, g. Maxillary antrum.
4. Nasal part of .\i]:lhclluiﬂﬂ] stnus wall, 10, Inferior turbinal.
5. Superior turbinal. 11. Inferior meatus.
.

Superior meatus, 1z, Palate.

F1G., 43 —NATURAL SIZE.
2. Left frontal sinus.

1. Right frental sinus,
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frontal sinus, or even both may be absent. In such cases an inter-
frontal septum is non-existent. Figure 10 (Atlas) illustrates in sagittal
section a septum common to the anterior ethmoidal cells and the
frontal sinuses. Figures 44 and 45 illustrate a septum common to
those ethmoidal cells that stretch to the region of the frontal sinuses—
the bulla frontalis and the frontal sinus. In Figure 44 there is well
seen in sagittal section the thin septum between the bulla frontalis,
which is 17 millimetres long, 22 millimetres high, and 21 millimetres
broad ; and the frontal sinus, which is 25 millimetres long, 6 milli-
metres high, and 34 millimetres broad.

In Figure 45 there is shown, in frontal section, on both sides the
septum common to the bulla frontalis and the frontal sinus. Ontheright
side the frontal sinus is 20 millimetres long, 30 millimetres broad, and

Fi1G. 44.—MATURAL SIZE.

1. Frontal sinus. 2. brontal bulla.
3. Fronto-orbital cell.

11 millimetres high, and on the left 14 millimetres long, 30 millimetres
broad, and 11 millimetres high. On the right side the bulla frontalis
1s 20 millimetres long, 13 millimetres broad, and 20 millimetres high,
and on the left side zo millimetres long, 13 millimetres broad, and
20 millimetres high. That is identically the same as on the right
side.

The {following sagittal sections illustrate a septum common
to the frontal sinus and an orbital cell. Figure 46 shows a thin
arched septum between the frontal sinus, which is 23 millimetres high.
30 millimetres broad, and 13 millimetres long, and an orbital cell
27 millimetres long, 19 millimetres high, and 29 millimetres broad.

Figure 36 (Atlas) shows a communication between the frontal
sinus and the orbital cell.
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Fig., 45.—NATURAL SIZE.

1. Frontal sinus. 7. Maxillary antrum.
z. Frontal bulla, 8. Inferior turbinal.
3. Partition between frontal sinus g. Inferior meatus,
and frontal bulla. 10. Superior turbinal.
4. Eyeball. 11. Opening of maxillary antrom.
5. Duct. 12, Septum.
. Middle turbinal. 13. Palate.

FiG. 46.—NATURAL SIZE.

t. Frontal sinus. 2, Fronto-orbital cell.
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In Figure 66 (Atlas) a specimen is illustrated in frontal section in
which the frontal sinus extends back to the region of the sphenoidal

sinus and of the optic nerve, and is separated from the posterior
ethmoidal cell by a thin partition.

Fic. 48.—NaTuRAL SIZE,

1. Ethmoidal cells. 3. Naso-frantal duct.
2. Sphenoidal sinus, 4. Septum,

In Figures 48 and 49 the septa between individual ethmoidal
cells are shown.

Finally, there remain to be considered the septa between the
posterior ethmoidal cells and the sphenoidal sinuses. The posterior
ethmoidal cells may lie in series above the sphenoidal sinus, or may lie
in front of it.  The septum intervening may be vertical or horizontal
or oblique. This area of the sphenoidal wall, the pars ethmoidalis
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of that wall, may vary in width between 1 millimetre and 18 milli-
metres. In Figure 49 the septum between the posterior ethmoidal cell
and the sphenoidal sinuses, as well as the intersphenoidal septum, are
shown in horizontal section. In this specimen the intersphenoidal

septum lies in a sagittal plane, but in the presence of asymmetry of
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Fi1e. 4. —NATURAL 3SIZE.

1, Posterior ethmoidal cells, 4. 4. 4, 4 4. Anterior ethmoidal cells.
z. Sphenoidal sinuses. Frontal sinus.
2

. :
3, 3. Olfactory fissures. 6. Surface of anterior cranial fossa,

the sinuses it may lie in various planes, and may have bendings, or, in
the absence of one sinus, may be non-existent.

In Figure 41 a rare relationship is shown in frontal section.
The right sphenoidal sinus has a septum common between it and both
posterior ethmoidal cells. In Figure 32 a similar relation is shown
between the left sphenoidal sinus and both posterior ethmoidal cells.
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holds that the intracranial portion of the nerve which lies between
chiasma and optic canal lies in close relation solely with the sphenoidal
cavity, and from that it is separated by thick bone. These two
statements can be controverted by the anatomical relations already
detailed. Where visual disturbance is associated with suppuration
both 1 sphenoidal sinuses and ethmoidal cells, we are not correct
in taking into consideration only the sphenoidal sinus suppuration.
Schmiegelow! takes up the right attitude in considering both the
ethmoidal and sphenoidal suppuration as factors, without discrimi-
nating between them. Halstead® and Pollatschek® have in cases of
sphenoidal and ethmoidal suppuration, associated with visual dis-
turbance, considered only the sphenoidal suppuration as a causal
factor, without giving any reason for excluding from consideration
the disease in the ethmoidal cells,

Spreading of the disease, whether by direct extension or through
affection of bloodvessels, is just as possible from the posterior

| ethmoidal cells as from the sphenoidal sinuses,

Mendel* and Lapersonne® state that a one-sided optic neuritis,
broadly speaking, is referable to intranasal disease. Mendel found
that in about one-half of the cases of unilateral optic neuritis this
relation to intranasal trouble could be made out. As double optic
neuritis is characteristic of intracranial trouble, S0 unilateral optic
ncuntl*:__ht, says, 1s characteristic of orbital dlsmsc Optic neuritis,

hﬁ'tys. 15 1111:1}* caused by frontal sinus :lﬁmsr.' more often by
ma:-:lllar}r and ethmoidal disease, but chiefly by sphenoidal disease.

for both optic nerves to be affected in their canals by double sphenoidal
suppuration, yet a double cedematous neuritis should specially make
us suspect an intracranial process.

Professor H. Sattler,® on being approached by me on this subject,
answered that unilateral optic neuritis, and also optic atrophy, are
by no means characteristic of disease of the sphenoidal sinuses or
cthmoidal cells alone. Inflammations, haemorrhages, or tumours, at
the cerebral end of the optic canal, or toxic agents, may similarly cause
a unilateral neuritis. The rule laid down by Mendel and Lapersonne
cannot be maintained, for against its application is every case in which

Loc. cit. ? American Laryng., Rhin., and Otol. Society, 190o1.

Zentralblall fiiyr Laryngologie, Bd. XXII.

1

1

Y Zentralblatt fiiv Augenheilkunde. :

5 Loc. cit. 8 Onodi, Archiv fiir Laryngologie, Bd, XVI.

—

The main characteristic of an optic neuritis purely of accessory sinus
origin is that it is unilateral. ~Although, strictly speaking, it is possible
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double visual disturbance occurs associated with unilateral sinus sup-
puration. And such a double affection arising from disease of the
posterior ethmoidal cell or sphenoidal sinus of one side is possible, as
can be proved by the morphological observations already indicated
by me. In this Mendel and Lapersonne can be supported—that the
‘majority of visual d|5tmbances caused by ¢ 1(:{:(-&.5(11} sinus C]lSLclSE Il’w
ﬂn un"'["{terﬂ_l

~Less in number are the cases of bilateral sinus suppuration
associated with double optic neuritis, and rarer still cases of double
optic neuritis caused by unilateral sinus suppuration, or a contra-
lateral optic neuritis caused by one-sided sinus suppuration. As an
@tiological factor must not be forgotten those cases of wisual dis-
turbance caused by operative procedure on the accessory sinuses.

This occurred in a case observed by Hirschberg.! An operation
was carried out through the maxillary antrum in order to open up the
ethmoidal and sphenoidal sinuses on the right side, on account of
suppuration in all these sinuses. After the operation the upper half
of the pupil showed insufficiency of action. This must have been
caused by a lesion of the optic nerve.

As has already been noted—and a glance at Figures g, 10, and 31,
will recall it—the optic nerve may for a varying distance run in the
wall of the sphenoidal sinus or posterior ethmoidal cell.

Of cases of sinus suppuration on one side causing visual dis-
turbance or blindness on that side, we have already mentioned the
records of Duplay, Horner, Panas, Rouge, Russel, Raymond, Demar-
quay, Leber, and Holmes., Berger® records two cases of optic neuritis
that ended in amaurosis. Grossmann® assumes that the association
between disease of the sphenoidal sinus and visual disturbance in four
of his cases was a causal and not an accidental one. Snellen,® in two
cases of optic atrophy, ascribes the change to sphenoidal suppuration,
and Knapp® refers optic disc changes in one case to disease of
the sphenoidal sinus. Hirschmann believes the cause of a temporal
hemianopsia, atrophic changes in the temporal half of the left disc, and
pallor of the similar part of the right disc, in a case of his, to have been
either suppuration in the sphenoidal sinuses or a tumour in the region
of the sella turcica. This case was not operated upon, and did not
come to post-mortem examination.

In the above cases more detailed information is lacking.

' Zentralblatt fir Augenheilkunde. * Lo, cit,
Y Allgemeine Wiener Medizinische Zeitung, 1893.
Y Ned. Tijdschr. vor Geneesk., 1894. 5 Zeitschrift fitr Ohrenheilkunde, 1804.
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of visual defect of the left eye by treating a left-sided sphenoidal sup-
puration by operative means. Pauncz' had a case in which, on
opening up and cleansing suppurating ethmoidal cells, marked
amelioration of an optic neuritis occurred. Schmiegelow® also
obtained much improvement in the visual power of a patient by
operating on a sphenoidal and posterior ethmoidal suppuration that
was associated with it. In a case reported by Fuchs and Hajek® a
retrobulbar neuritis with central scotoma was cured after removing
polypoid degenerated mucous membrane from the left ethmoidal cells
and sphenoidal sinuses.

Only a few cases are on record in which a double-sided accessory
sinus suppuration was associated with double optic neuritis.  Mendel®
cites from an English source a case of double visual disturbance, the
cause of which lay in suppuration of the ethmoidal cells. A case
of double optic atrophy occurred in my practice associated with
multiple sinus suppuration. Pollatschek® accounts for bilateral
amaurosis in a case of his by the presence of sphenoidal sinus suppura-
tion—a wview supported by me in the discussion® that followed.
F. R. Alexander” reports a case of double optic neuritis in which, after
the opening up of suppurating ethmoidal cells on the right side, and a
suppurating sphenoidal sinus on the left side, a cure was obtained.
Schmiegelow® saw marked improvement in a case of double optic
neuritis after operating on associated suppuration of the ethmoidal
and sphenoidal sinuses of both sides. Delneuville? treated a case of
sphenoidal suppuration, in which visual disturbance was present on
both sides, by means of irrigation of the sinuses. After a month of
such treatment the eye condition was cured.

These various observations can be explained if we consider the
close relation of the optic chiasma and optic nerve to the sphenoidal
sinus and most posterior ethmoidal cell.  The conrse of the optic canal
may for a greater or less distance lie actually within the sphenoidal sinus,
or the ethmoidal cell, or it may lie in close proximity, with but a
thin bone intervening between the nerve and the sinus cavity. The
ethmoidal veins, too, not infrequently lie exposed in the semicanalis
ethmoidalis.

L Zentralblall fiir Laryngologie, Bd. XXII.

2 Archiv fiir Laryngologie, Bd. XVIIL

4 Fuchs, ** Lehrbuch der Augenheilkunde,"” 190s.

* Loc. ol 8 Orvest Hetilap. 8 Ibid.
T Verhandiungen der Deutschen Otologischen Gesellschafl, 1905.

8 Archiv fiiv Laryngologie, Bd., XVIII.
¥ La Presse Qto-Laryngologique Belge, 1906,
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